It is well known that prior inoculation of animals with some bacterial products and bacterial components quickly endows them with resistance against infection due to the same or heterologous bacteria.1-11) As a result of recent studies it was found that the administration of not only vaccines and endotoxins of Gram-negative bacteria but also mycobacteria12), certain viruses13,14), rickettsiae 15) and yeast16,17) can alter the resistance of the host . Further, lipopolysaccharide extracted from Gram-negative bacteria, even in a small amount, was found to endow the animal with resistance. 4, 8, [18] [19] [20] The effective component of this substance is thought to be lipid A.21) These phenomena are named, "non specific immunity"6) or "proimmunity".22) These substances are said to produce the above mentioned effects by accelerating the phagocytic activity of the RES9,11,23-28), elevating serum properdin7,8) and opsonin levels29.30) and altering other biological activities. These hypotheses, however, lack substantia tion. We have inoculated the mouse with typhoid-paratyphoid vaccine (T-P vaccine), zymosan, B. pyocyaneus endotoxin, India ink, or irradiated them with Co60 and observed changes in the phagocytic activity of the RES, serum properdin level, hepatic catalase activity and serum proteins. Correlation was sought between the result of the above observation and changes in the resistance of the animal against dysenterial infection. Further observation was made on the effect of cortisone acetate on the non-specific resistance of the animal to which T-P vaccine was given.
RESULTS
Evaluation o f the estimating method of RES function.
In order to estimate the phagocytic activity of the RES from the rate of clearance of carbon particles in the blood stream the size of each carbon particle must be identical.36) Under electron microscopic observation carbon particles of Pelikan ink showed a size of about 250A. After being diluted with physiological saline containing 1% gelatin, 4 to 32 mg. carbon/100 gm. of this ink was injected into the tail vein of the mouse and the concentration of carbon particles in the blood was measured 4, 6, 10, 15 and 20 minutes after the injection. When 1 mg. of zymosan was injected intravenously every other day for 4 times, the phagocytic activity of the RES was markedly elevated with each injec tion and the serum properdin level was lowered. The survival rate after the inoculation with dysenterial bacilli reached 100% after 4 injections of zymosan, paralleling the elevation of the phagocytic activity of the RES (Fig. 7) . The hepatic catalase activity was only slightly depressed.
Alterations in the phagocytic activity of the RES and the resistance against dysenterial bacilli after the administration of B. pyocyaneus endotoxin.
With a single intraperitoneal injection of 0.1 mg./10 gm. of crude pyocyaneous endotoxin the phagocytic activity of the RES showed an elevation for 2 weeks with its peak at the 24th hour. The survival rate after the inoculation with dysenterial bacilli was 100% at the 24th hour but it remained at 80% 2 weeks later when the phagocytic activity of the RES returned to normal. Thus the phagocytic activity of the RES is not exactly in accordance with the survival rate (Fig. 8) . The survival rate was nil in the animals to which the bacilli were given with the endotoxin or to which the endotoxin was given after the inoculation with bacilli. With the intravenous injection of 32 mg./100 gm. of carbon particles 24 hours after the endotoxin, the phagocytic activity of the RES was lowered as well as the survival rate with dysenterial bacilli. The intravenous injections of 16 mg.
/100 gm. of carbon particles 3 to 6 hours prior to endotoxin did not elevate the phagocytic activity of the RES or resistance.
Alterations of white blood cell count and body temperature after the administration of T-P vaccine.
With the administration of endotoxin or lipopolysaccharides not only the phagocytic activity of the RES and the serum properdin level but also other functions are affected. There have been discussions on the relationship between these changes and nonspecific resistance.
We have first made an observation of the white blood cell count in the circulating blood. In the control group which was given 0.1 ml./10 gm. of physiological saline solution intraperitoneally the white blood cell count of the blood taken from the retro-orbital venous plexus showed an average increase of 150% within 3 hours, returned to normal within 12 hours and increased again to 178% 3 days later. On the other hand, in the T-P vaccine group to which the same amount of T-P vaccine was given the white blood cell count decreased to 50% and returned to 96% by 24 hour, then remained at 120% in the following days.
The rectal temperature showed a slight decline but it was not significant.
Blood clearance of Sh. flex. 3a by the RES.
On the clearance of intravenously injected bacteria there are several reports. They all agree that the RES plays an important role. [37] [38] [39] [40] [41] We have counted the number of bacteria in 0.025 ml. of the blood taken from the retro-orbital venous plexus 4,6,10,15 and 20 minutes after the intravenous injection of Sh. flex. 3a Alterations in the phagocytic activity of the RES, serum properdin level, hepatic catalase activity and the resistance against dysenterial infection of the CO60-irradiated mice. It is well known that irradiation of the organism decreases resistance against infection. We have made an observation of animals irradiated with Co60 500r. The phagocytic activity of the RES did not change up to 12 hours but was slightly elevated within 24 hours of irradiation. It remained within normal range thereafter and was again slightly elevated 2 weeks after the irradia tion. The serum properdin level decreased within 3 to 6 hours, returned to normal within 1 to 5 days, again decreased within 7 to 9 days and returned to normal 2 weeks after the irradiation. The hepatic catalase activity was depressed within 3 to 5 days and returned to normal within 2 weeks. The resistance against dysenterial infection increased slightly within 24 hours , then decreased.
Non-specific resistance and steroid hormones.
Steroid hormones have been known to aggravate or cause infections . We have observed the effects of cortisone acetate on non-specific resistance , phagocytic activity of the RES and serum properdin level, etc. A single administration of 1 mg. of cortisone did not alter the phagocytic activity of the RES, but it was lowered within one day and returned to normal within 3 days by 2.5 mg. of cortisone. Daily administration of 0.1 or 1 mg. of cortisone for 6 days showed no effect. The serum properdin was not affected with daily administration of 1 mg. for 6 days but the hepatic catalase activity was depressed after the first injection. When 0.1 ml./l0gm. of T-P vaccine was given 3 hours after 1 mg. of cortisone the phagocytic activity of the RES was elevated within 1 day, indicating increased resistance, but it returned to normal more rapidly than with T-P vaccine alone. On the other hand, in the group where T-P vaccine was given 3 hours after 2.5 mg. of cortisone there was no elevation of the phagocytic activity of the RES. Twenty-four hours after giving 2.5 mg. of cortisone an increase in the resistance was not seen (Fig. 10 ). T-P vaccine was given 3 hours after the last dose of a series of 3 injections of 0.1 or 1 mg. of Fig. 10 .
Effect of cortisone on non-specific resistance.
cortisone. The phagocytic activity of the RES in the 0.1 mg. group, was elevated within 24 hours of the administration of T-P vaccine and returned to normal within 3 days, while it was not changed in the 1 mg. group. The resistance against dysenterial infection paralleled the phagocytic activity of the RES. In other groups T-P vaccine was given after 0.1 or 1 mg. of cortisone daily for 3 days followed by the same doses of cortisone for 3 more days. The phagocytic activity of the RES in the 0.1 mg. group was elevated within one day after T-P vaccine, then rapidly lowered. The serum properdin level was not affected and the hepatic catalase activity was depressed. In the 1 mg. group the phagocytic activity of the RES remained in the normal range. The serum properdin was only slightly lowered after the end of the series of injections and the hepatic catalase activity was also lowered. The resistance against dysenterial infection paralleled the phagocytic activity of the RES. It was not elevated when the effect of T-P vaccine was being off-set by cortisone.
DISCUSSION
A transitorily increased resistance produced by endotoxins and vaccines can be seen against the same or other species of bacteria. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] 18, 19) This increase in resistance is observed even before antibodies are formed. It is, therefore, difficult to explain this phenomenon from the hithertofore established knowledge of immunology. Many hypotheses were presented to explain this so-called "non specific immunity"6), "proimmunity"22) or "interference immunity".42) This is not a direct effect of endotoxin or vaccine, since resistance is not produced when these substances and bacteria themselves are given simultaneously9, 14, 43, 44) and there is a negative phase45) where resistance is rather lowered immediately after the administration of these substances. It is conceivable, therefore, that the naturally endowed resistance is altered by these substances. The resistance of the organism can be seen from two aspects; humoral and cellular. Since Pillemer 7, 8, 17, 46) named a protein , "properdin", which destroys certain species of bacteria and inactivates viruses, the important role of the humoral factor in non-specific resistance has been advocated. As was seen in our experiments on zymosan the resistance of the organism and the serum properdin level paralleled each other. On the other hand, an increased resistance was seen against bacteria which were not affected by the properdin. 9,47,48) Further, in our experiments with T-P vaccine and zymosan (1mngI intravenously four times) there was no clearcut relationship between the resistance and the serum properdin level.
From the above results alone the significance of the humoral factors including
properdin cannot be neglected. There are many findings which suggest the importance of the humoral factors: elevated baeteriocidal activity6) of the serum, increased opsonic capacity29,30) and specific antibodies40), etc. Of the cellular factors most studies are concerned with white blood cells and the RES. With the administration of endotoxin phagocytic activity50,51) , mobility 52,53) and chemotactic effect54) of leucocytes are said to change but it does not have a marked effect on the clearance of injected bacteria from the blood .55) A great part of the intravenously injected bacteria are rapidly removed from the blood. The RES of the liver and spleen plays an important ro1e37-41) since the blockade of the RES diminishes56) and the immunization increases the rapidity of the removal of the injected bacteria.37,39-41) In our experiments also the rapidity was increased in the animal inoculated with T-P vaccine and decreased in the animal in which the RES was blocked. The RES removes not only bacteria and vaccines but also phagocytizes toxin25), lipopolysaccharides57), lipid A21), etc. The RES therefore has certain correlation with non-specific resistance. This re sistance decreases by the blockade of the RES. Further, with the prior blockade of the RES the resistance does not increase by the administration of zymosan or vaccine. On the other hand, it was found by some investigators that the resistance against endotoxin decreased even when the RES function was elevated by treatment with BCG58,59), zymosan60), triolen61) and other substances. In this instance endotoxin seems to have a somewhat different significance from infections due to living bacteria. For instance the resistance against endotoxin is said to decrease after injections of 1 mg. of zymosan for 4 days"), but in our study resistance against dysenterial infection increased. A similar phenomenon was observed with BCG and triolen. General reaction, such as Schwartzmann's reaction, must be interpreted in the light of these findings. As for the blockade of the RES, it is not quite adequate to block it by unphysiological measures, but at present we can find no other proper way. Studies on non-specific resistance concern not only the serum properdin and RES but also a wide variety of other matters such as leucocytes50-53), bactericidin6), opsonin29,30) specific49) and natural antibodies, lysozym62) and hypophyseoadrenal system, etc. The extraction of inhibitory substances from tissues for bacterial growth has been also attempted.
In elevated non-specific resistance the RES and humoral factors doubtlessly work in complex combinations. We have sought the relationship between the RES function and the serum properdin level but their changes were not always parallel.
CONCLUSIONS 1) Alterations in the phagocytic activity of the RES, serum properdin level, hepatic catalase activity and resistance against dysenterial infection after the administration of T-P vaccine, zymosan and B. pyocyaneus endotoxin were observed in the mouse. The phagocytic activity of the RES and the resistance against infection changes in parallel but there was no definite correlation between the phagocytic activity of the RES and the serum properdin, hepatic catalase activity nor in the serum proteins.
2) Elevated resistance due to the above substances was lowered by blocking the RES with intravenously injected carbon particles.
3) Elevation of the resistance by these substances was prevented by the prior blockade of the RES.
4) There was a parallel change between the clearance rate of intravenously injected dysenterial bacilli and the resistance against them.
5) Following the administration of T-P vaccine the white blood cell count decreased but there was no definite trend in the change of the body temperature.
6) Following C060-irradiation the serum properdin level was lowered at the 3rd and 6th hours and the 9th day, but it was normal in the intervals. The phagocytic activity of the RES was slightly elevated within the first day and the hepatic catalase activity was depressed on the 3rd and 7th days. 7) In the animals which received cortisone the resistance, as well as the phagocytic activity of the RES and serum properdin, was not elevated by the administration of T-P vaccine.
